ABSTRACT To understand the mechanism of sex differentiation in the protogynous Malabar grouper Epinephelus malabaricus, we performed an immunohistochemical investigation of the expression of three steroidogenic enzymes, cholesterol-side-chain-cleavage enzyme (CYP11a), aromatase (CYP19a1a), and cytochrome P45011beta-hydroxylase (CYP11b), in the gonads during ovarian differentiation. Strong positive immunoreactivity against CYP11a, the key enzyme of steroidogenesis, and CYP19a1a which is essential for estrogen (17beta-estradiol) production, appeared first in the somatic cells surrounding gonial germ cells in undifferentiated gonads and throughout ovarian differentiation. However, positive immunoreactivity against CYP11b, which is important for androgen (11-ketotestosterone) production, first appeared in the cluster of somatic cells in the ovary tunica near the dorsal blood vessel after differentiation. CYP19a1a and CYP11b did not co-localize in any cells. These results indicate that there are two types of steroid-producing cells, estrogen-producing cells and androgen-producing cells, in the gonads of this fish, and they are distributed differently, suggesting that these cells are derived from different somatic cells. Estrogen-producing cells appeared prior to ovarian differentiation, while androgen-producing cells were first detected after ovarian differentiation. These results suggest that endogenous estrogen is involved in ovarian differentiation.
Sex steroid hormones are well known as one of the most important regulators of sex determination and differentiation, gonadal development, gametogenesis, and sexual maturation in vertebrates. Generally, sex steroid hormones are produced in steroid-producing cells (SPCs), namely, Leydig cells in the testes and theca cells in et al., the reproductive mechanisms and development of reproductive functions in vertebrates, it is essential to understand the origin, developmental processes and characteristics of SPCs. In mammals, there are many studies on the origin, differentiation, and regulation of SPCs in the gonads (Habert et al., et al., et al., vertebrates, however, little is known about SPCs. major site of androgens production, while estrogen is synthesized in granulosa cells by aromatization of testosterone which is synthesized in theca cells in the ovary (Hoar et al., et al., et al. , about the origin, morphological characteristics, distribution, and but the knowledge about the origin and development of SPCs are et al.,
-however, most groupers are protogynous hermaphrodites, which -once they have grown to a certain size or reached a certain age et al., et al., et al., et al., et al., et al., the most effective time period for administration of exogenous sex et al., gonadal sex differentiation in groupers is therefore essential for there is little information on sex differentiation. and developmental biology, because they can be used as an initial all female population. Recently, we examined the morphological characteristics and timing of gonadal sex differentiation in the Malabar grouper Epinephelus malabaricus et al., mechanisms of gonadal sex differentiation are unknown. Endogenous estrogen is known to play an important role in gonadal et al., et al., et al., et al., et al., Kobayashi et al., fferentiation in the protogynous Malabar grouper E. malabaricus, we investigated the appearance and development of SPCs by measuring the expression of several steroidogenic enzymes in the gonads during sex differentiation. in the somatic cells surrounding germ cells on the side facing the was also observed in the cluster of somatic cells in the ovary tunica feature of SPCs, namely, many large mitochondria with tubular cristae and well-developed smooth endoplasmic appearance of two types of SPCs in the gonads -the testing period. We could not apply statistical analysis to the serum steroid levels during ovarian differentiation (i.e. ovarian cavity formation) because the samples were pooled due to a small
Results

Western blot analysis of E. malabaricus gonads revealed that
Discussion
In this study, we demonstrated that there are two types of SPCs, namely, estrogen-producing cells and androgen-producing cells, derived from the somatic cells in distinct areas. We also showed that both endogenous estrogen and androgen were synthesized prior to ovarian differentiation, suggesting that they were involved in the process of only surrounding gonial germ cells, and they are not appeared -lopment of oocytes are still unclear. In future study, we would like --tiation (Hurk et al., et al., et al., et al., et al., et al., et al., produced in another organ prior to and during ovarian differentiation. While it is generally well known that steroid hormones are synthesized in various organs, such as the interrenal gland and -rentiation and development in the Malabar grouper. 
Fig. 3. Localization of steroid producing cells (SPCs) in the gonads of the Malabar grouper (130 DPH). (A) Single immunostaining with anti-CYP11a (green). (C) Single immunostaining with anti-CYP19a1a (red). (E) Single immunostaining with anti-CYP11b (green). (B) Double immunostaining with anti-CYP11a (green) and anti-CYP19a1a (red). (D) Double immunostaining with anti-CYP11a (green) and anti-CYP11b (red). (F) Double immunostaining with anti-CYP11b (green) and anti-CYP19a1a (red). Nuclei were visualized with 4',6-diamidine-2-phenylidole-dihydrochloride (DAPI, blue
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